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27% before CRT and 24% at 6 months after implantation of the biventricular pacemaker. On preoperative examination in the outpatient department 10 days before admission, her body weight, height, body temperature, pulse rate, and blood pressure were 157 cm, 44.0 kg, 36.4°C, 74 beats/min, and 174/92 mmHg, respectively. Extra cardiac sounds, S3 and S4, were audible at the 4 th intercostal left sternal boarder by auscultation. There were no crackles in her lungs. No neurological abnormality was detected. The electrocardiogram showed ventricular pacing rhythm, right axis deviation and LV hypertrophy. The chest X-ray revealed an increased cardiothoracic ratio of 56.2%. Laboratory data on the day after hemodialysis showed mild anemia and high levels of blood urea, creatinine, calcium, phosphorus, intact PTH, and B-type natriuretic peptide (BNP) ( Table) . Total, free and acyl carnitine levels had decreased. Transthoracic echocardiography showed LV dilatation and reduced contraction ( Figure 1A) : the LV systolic and diastolic diameters were 54 mm and 48 mm, respectively. Fractional shortening on the parasternal long-axis view and LVEF on the 4-chamber view from the apex were 11.4% and 24%, respectively (Table) . No regional LV wall motion abnormality was detected. Myocardial 123 I-BMIPP scintigraphy was performed: planar and single-photon emission computed tomography (SPECT) studies were obtained 30 min and 4 h after the injection of 123 I-BMIPP. The heart-to-mediastinum ratio (H/M) and washout rate of BMIPP were calculated from regions of interest placed on the left ventricle and upper mediastinum on the planar images: washout rate (%) = (Ce-Cd) × 100 / Ce, where Ce = the mean radioactivity counts of the early images and Cd = the mean radioactivity counts of the delayed images with decay correction. Myocardial 123 I-BMIPP SPECT revealed a moderately reduced uptake in the postero-inferior area on the early images and incomplete fill-in in the inferior area on the delayed images (Figure 2A) . The H/M on the 2 images was 2.10 and 2.13, respectively ( Figure 2B ). The washout rate was 17.1% (Table) .
After giving written informed consent, she underwent PTX under local anesthesia, because of reduced cardiac performance, and received calcium supplementation after the operation. After the PTX, the serum levels of phosphorus and intact PTH immediately declined and 6 months later, her cardiac symptoms had improved to New York Heart Association class 1 from class 3. Although LV function was still reduced, there was improvement of the echocardiographic parameters (Table, Figure 1B) . Myocardial 123 I-BMIPP SPECT still showed moderately reduced uptake in the inferior area on the early images, but it was smaller than on the preoperative examination. Washout was seen in the inferior area on the delayed images ( Figure 3A) . Myocardial 123 I-BMIPP scintigraphy showed an increase in both the H/M (2.10-2.60) on the early image and the washout rate (17.1-29.1%) on the planar images (Table, Figure 3B) , although the H/M on the delayed image was similar to that in the preoperative examination.
Discussion
Cardiac Function and PTH Cardiomyopathy physically results from both LV pressure overload and volume overload 10 and possible causes in hemodialysis patients are water retention, anemia and arteriovenous fistula. LV dysfunction is a common complication in hemodialysis patients. 11 In the present case, blood pressure and anemia were stable during the follow-up: systolic pressure always between 140 mmHg and 170 mmHg and diastolic pressure between 70 mmHg and 90 mmHg. Hemoglobin was between 10 g/dl and 11.9 g/dl. A biventricular pacemaker had been implanted 6 months before PTX, but the patient had only a slight functional improvement. An echocardiographic study reported that the recovery of LV contraction 6 months after CRT was significantly greater than that from 6-12 months after CRT. 12 The effect on LV function was slight during follow-up of the present patient, whereas PTX played a key role in restoring LV function.
Hemodialysis patients often have secondary hyperparathyroidism, which an experimental study reported might cause the death of myocytes. 13 Some clinical studies 5, 6 have shown improvement of LV function after PTX in hemodialysis patients with elevated PTH, which suggests that PTH plays important roles in cardiac function.
The present patient had partial recovery of LV function after PTX, which may indicate that not only PTH but also other factors, including organic myocardial damage, pressure and volume overload, and hypertension, caused the LV dysfunction in this case. Myocardial 123 I-BMIPP SPECT depicted a moderately reduced uptake in the postero-inferior area with fill-in. It has been well established that myocardial 123 I-BMIPP SPECT shows reduced uptake and fillin/washout areas in patients with ischemic heart disease and dilated cardiomyopathy. 14 Patients with vasospastic angina have fill-in. 15 The pathogenesis of fill-in/washout on myocardial 123 I-BMIPP SPECT, however, is still unclear. As attenuation correction was not performed in the present case, attenuation can not be excluded as the cause of the reduced uptake. A previous study showed that the relative uptake of 123 I-BMIPP on SPECT was a good predictor of functional recovery with beta-blocker therapy in patients with dilated cardiomyopathy. 16 The reduced uptake of BMIPP in the postero-inferior area itself predicts the degree of functional recovery, apart from the pathogenesis of reduced uptake such as myocardial ischemia, myocardial damage, interstitial fibrosis, attenuation, and so on. Complete recovery of LV contraction may require normal 123 I-BMIPP images.
Metabolism of the Myocardium and PTH
The myocardium utilizes free fatty acids as a major fuel for energy production under aerobic conditions. 123 I-BMIPP passively enters myocardium and the majority is trapped in the triglyceride fraction in myocardium, while a minority is transferred into the mitochondria, followed by metabolization. 17 The kinetic in the myocardium is similar to that of free fatty acids. The present case showed an increase in the H/M and washout of 123 I-BMIPP in accordance with improvement in congestive heart failure symptoms after PTX. Yamaguchi et al reported that the H/M decreased in patients with congestive heart failure, 18 and fatty acid uptake was reduced in an animal model of pacing-induced heart failure. 19 The increased H/M in the present case might indicate improved fatty acid uptake.
The washout rate of 123 I-BMIPP is affected by various circumstances, such as diet, 20 diabetes, ischemia, [21] [22] [23] and congestive heart failure. 24, 25 Supplementation with carnitine in hemodialysis patients who are often deficient in carnitine improves the washout rate of 123 I-BMIPP. 26 The washout of 123 I-BMIPP is mainly attributed to alpha-and beta-oxidation metabolites, with only little loss of 123 I-BMIPP itself. 27 Fatty acid metabolism and 123 I-BMIPP need L-carnitine to enter the mitochondrial matrix for beta-oxidation. Longchain fatty acids bind CoA by acyl-CoA synthase in the cytosol, forming acyl-CoA. Carnitine palmitoyl transferase 1, a transmembrane enzyme of the mitochondrial outer membrane, catalyses the transfer of an acyl moiety from a long-chain acyl-carnitine ester. 7, 8 Chronic exposure to a high level of PTH reduces the activity of carnitine palmitoyl transferase 1 and impairs beta-oxidation. 9 The washout rate of BMIPP in the present case increased in accordance with the improvement in LV function after PTX, although it has been reported that the washout rate of BMIPP is enhanced in patients with heart failure. 18, 24, 25 The increase in the washout rate in the present case might correspond to improved transportation of BMIPP-CoA through the mitochondrial membrane affected by PTH, as the level of carnitine did not change after PTX, which also suggests that PTH played an important role in the LV dysfunction in the present case. The washout rate of 123 I-BMIPP might be a useful marker for estimating the effect of PTX on cardiac function.
Conclusion
The present case is considered as noteworthy in understanding the role of PTH in myocardial dysfunction and the mechanism of improvement of cardiac function after PTX. PTH plays an important role in the depression of fatty acid metabolism in the myocardium. Myocardial 123 I-BMIPP scintigraphy is useful for a comprehensive estimation of the effect of PTX on cardiac function.
